18 h at 4OC there was no change in the moduli. In glycine/HCl buffer, pH2.0, for 18h at 4OC no change was observed for gastric and duodenal mucus, but with small-intestinal mucus a collapse of gel structure (for both frequency and strain scans) was observed, and with colonic mucus there was increased strain-dependence. On analysis by gel filtration using Sepharose 2B, the mucous glycoprotein in the fresh mucus preparations was excluded (Polymeric), whereas that after reduction was over 70% included glycoprotein (subunit). There was no evidence for breakdown of the polymeric glycoprotein in small-intestinal and colonic mucus at pH 2.0, despite the collapse of gel structure.
BIOCHEMICAL SOCIETY TRANSACTIONS
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At concentrations comparable with that found in fresh mucus, the isolated and purified mucous glycoproteins from duodenal, colonic and even small intestinal mucus formed reconstituted gels with mechanical spectra similar to that of native gastric mucus (Fig. 1) . In all cases the elastic modulus was substantially higher than the viscous modulus, both were independent of strain and there was no collapse of gel structure at pH 2.0 in the reconstituted small-intestinal and colonic mucus gels.
This work demonstrates that gastric, duodenal, smallintestinal and colonic mucous glycoproteins in vifro all form weak non-covalently linked gels with the same rheological characteristics and similar matrix structures. This is particularly interesting in view of the known structural differences in these glycoproteins from the different secretions, with respect to both the carbohydrate side chains and polymeric structures (Allen, I98 1). These reconstituted gels have essentially the same structure (as judged by rheology) as the fresh gastric and duodenal mucus. Fresh colonic mucus and particularly smallintestinal mucus have a 'weaker' structure, which evidence suggests is due to their high free protein content, since its removal resulted in a restoration of full mechanical properties. Allen, A. (1981) (Snary er al., 1974) . Reduction of disulphide bridges dissociated the glycoprotein into subunits of s!~., 1 5 s and mol.wt. 5 x lo5, and a similar dissociation is observed on proteolysis (Snary et al., 1970; Scawen & Allen, 1977) . More recently there has been some discussion as to whether covalently bonded glycoproteins of mol.wt. above 2 x lo6 exist in vivo (Carlstedt et al., 1983) and as to the extent of size heterogeneity of the component subunits. Pig gastric-mucus glycoprotein was prepared from mucus gel by three methods: (1) extraction into 3 . 5~-C s C l and purification by two successive equilibrium-centrifugation steps (Starkey et al., 1974) with and without proteinase inhibitors I 1 .O mM-phenylmethanesulphonyl fluoride, 50 m~-iodoacetamide, 1Oc)mM-a-aminohexanoic acid, 5 mM-benzamidine hydrochloride, l.Omg of soya-bean trypsin inhibitor/l and IOmM-Na,EDTA at pH6.5 (Pearson & Mason, 1977) l; (2) extraction into 3.5 ~-C s C 1 / 4 M-guanidinium chloride, with and without the above proteinase inhibitors, followed by two equilibrium-centrifugation steps; (3) the method of Carlstedt et a[. ( 1 983) namely extraction into 0. I M-di-isopropylphosphorofluoridate/6~-guanidinium chloride/5mM-Na2EDTA/ 5 mM-N-ethyhaleimide, pH 6.5, followed by two equilibriumcentrifugation steps. Mucus gel was solubilized in the above extracting systems by homogenization for 1 min in a Waring Blender, but low shear was used in some preparations with method (1) (dialysis for 24h at 4OC) and method (3) (stirring for 15 h at 4OC).
All preparations isolated in the presence of guanidinium chloride and/or proteolytic inhibitors were heterogeneous and gave two major schlieren peaks on sedimentation analysis: a slower component, sedimenting with s & w about 33S, and a faster major component, sedimenting with s!5,w ranging from 42 to 110s. In contrast, the glycoprotein isolated in CsCl alone (method 1) gave a single polydisperse schlieren peak of s;,,~ 33 S. When the heterogeneous glycoprotein preparations were heated at 100°C in 1% SDS* for lOmin, a single polydisperse peak of &, 33-268 (range of four preparations) was obtained.
Glycoproteins obtained by isolation in guanidinium chloride and proteolytic inhibitors and of molecular weight substantially higher than this are thus shown to be non-covalent aggregates, an observation supported by the fact that treatment of the isolated 2 x IO6-moI.wt. glycoprotein with 4 M-guanidinium chloride leads to aggregation, as previously reported , and repeated in the present study. It is concluded that no specific proteins were released on dissociation of the gastric mucus (s",,,, 33s) has mol.wt. 2 x lo6.
Analysis by SDS/polyacrylamide-gel electrophoresis showed that no specific proteins were released on dissociation of the aggregated glycoproteins in 1 % SDS. N-Terminal amino acids were the same (Ile, Phe, Val) for preparations isolated in the presence or absence of proteolytic inhibitors and guanidinium chloride (Burgess & Allen, 1983) . At low concentrations the aggregated glycoprotein had a higher viscosity than the 33 S glycoprotein (2-fold at 5 mg/ml). However, in contrast with the 3 3 s glycoprotein, the aggregate did not form a gel at glycoprotein concentrations (above 30 mg/ml) similar to that found in mucus in uiuo. All the evidence is compatible with the undegraded 3 3 s glycoprotein (mol.wt. 2 x lo6) being the gel-forming component in the native mucus and that highermolecular-weight glycoprotein aggregates are artefacts of the isolation procedure.
All the glycoprotein preparations (including SDS-dissociated aggregate) were excluded on gel filtration on Sepharose 2B. However, after reduction with 0.2 M-mercaptoethanol, the glycoprotein preparations above (including aggregate) were included on Sepharose 2B and eluted as a broad single peak in the position previously shown for the reduced glycoprotein (5.2 x lo5 mol.wt.). This confirms the previously welldocumented dissociation of this glycoprotein into its structural subunits on reduction of disulphide bridges (Snary et Hascall & Sajdera (1969) in the undegraded glycoprotein (mol.wt. 2 x lo6) was broad but unimodal, and independent of time of sedimentation. Similar broad unimodal distributions of sedimentation coefficients were observed for the reduced glycoprotein subunits, showing that much of the polydispersity observed in the undegraded polymeric glycoprotein was a function of the polydispersity shown by the individual glycoprotein subunits themselves. The causes of the observed polydispersity of sedimentation coefficient in pig gastric-mucus glycoprotein are considered to be: ( I ) the number and size of carbohydrate chains per subunit; (2) Pig gastric-mucus glycoprotein (mol.wt. 2 x lo6) isolated by gel filtration and equilibrium-density-gradient centrifugation in CsCl was free from non-covalently bound protein as judged by sodium dodecyl sulphate/polyacrylamide-gel electrophoresis and analytical density-gradient centrifugation (Scawen & Allen, 1977 : Pearson et al.. 1981 . Reduction with 0.2M-mercaptoethanol cleaved the glycoprotein into subunits of a unimodal size distribution (mol.wt. 5 x lo5), and after proteolysis a single peak of similar size was observed (Snary et al., 1970 : Scawen & Allen, 1977 . No detectable carbohydrate was lost after either reduction or proteolysis (periodate-Schiff assay). but protein was released on reduction, the major component of which was a 70000-mol.wt. protein in amounts of I mol/mol of 2 x 106-mol.wt. glycoprotein. A model has been proposed for pig gastric-mucus glycoprotein in which an average of four subunits are joined together centrally by disulphide bridges located in regions of 'naked' non-glycosylated protein core (Allen, 1978) . To investigate this structure further, we have analysed the N-terminal amino acids of the components of this glycoprotein.
N-Terminal amino acids were identified by dansylation (5-dimethylaminonaphthalene-1 -sulphonylation: Gray, 1972) in the following glycoprotein preparations (Table I) : ( I ) gastric glycoprotein purified free of non-covalently bound protein and excluded on Sepharose 2B (undegraded polymer): (2) gastric glycoprotein subunit from reduction in 0.2 M-mercaptoethanol purified from papain and low-molecular-weight peptides by gel filtration on Sepharose 4B (partially included on Sepharose 2B). Three N-terminal amino acids were always found in the undegraded polymeric glycoprotein and the reduced glycoprotein subunits, namely isoleucine, valine and phenylalanine, with isoleucine the dominant spot, appearing at about twice the intensity of the other two. These results show that there are different N-terminal amino acids in the individual subunits and may reflect different amino acid sequences i n their protein cores and/or 'nibbling' by proteinases of the N-terminal ends. Isolation of the glycoprotein in the presence of a wide variety of proteolytic inhibitors did not affect the pattern of N-terminal amino acids.
Gel filtration on Sepharose 2B of the glycoprotein after trypsin digestion (partially included) showed that the undegraded glycoprotein (excluded) had been completely cleaved into subunits. tlowever. the pattern of N-terminal amino acids was exactly the same as that in the undegraded glycoprotein or reduced glycoprotein subunits. It is unlikely that the N-terminal pattern would be the same if trypsin had cleaved peptides from this end of the protein core. Therefore the loss of peptide observed on trypsin hydrolysis (49% of the total protein) must be from the C-terminal end only, with concomitant removal of the nan-glycosylated protein. inter-subunit disulphide bridges and formation of digested subunits. These results provide chemical evidence for a structure where the glycoprotein subunits are joined together centrally at their C-terminal ends as proposed from physical studies (Allen el 01.. 1976). Appearance of new N-terminals after papain digestion indicates that some cleavage by this enzyme of the glycosylated N-terminal end can occur. There is no detectable loss of sugars on proteolysis of the glycoprotein (Scawen & Allen, 1977) .
The 70000-mol.wt. protein fraction liberated on reduction of disulphide bridges was rather insoluble, but solubility improved in the presence of sodium dodecyl sulphate. The protein fraction had a single N-terminal amino acid, lysine, which was not found in the undegraded glycoprotein. Therefore in the polymeric glycoprotein the N-terminal of the 70000-mol.wt. protein is presumably buried and inaccessible to dansylation. Alien. A. (1978) 
